I. INTRODUCTION
In current literature, several methods have been applied to the analysis of large coupled-core reactor control systems [l-3] . Raju and Stone [l] have derived an analytical model and investigated system stability using the describing function approach; Raju and Josselson [2] have obtained conditions of stability using the Popov criterion; Tsouri and Rootenberg [3] have applied the Tsypkin locus method for limit cycle and stability analysis.
In the above mentioned methods, all the systems are considered symmetrical, and it is assumed that each system can be reduced into two single-input, single-output systems [1, 3] , then the single-output systems are analyzed. In this paper, a general method based upon the stability-equation method [4, 5] is proposed. The considered systems need not be symmetrical and reduced. In addition, the systems may have both nonlinearities and adjustable parameters. The main approach of the proposed method is to analyze system stability and the existence of limit cycles by finding the simultaneous solutions of both the stability-equations [4, 5] and the harmonic-balance equations [6] [7] [8] [9] [10] [11] [12] [13] . T =Kn -aT1
T =Kn -a aT2 (1-f) where:
nl,n2 The linearized equations of the coupledcore reactor control system considered in this paper are as follows [1] [2] [3] : 
and A(S)=l-G11(S)G21(S)G21(S)G22(S). Fig.l(a) .
III. THE BASIC APPROACH
Consider the system shown in Fig.l (4-b) A N 1(al)w (jw ) +A2ej %2(a2) w12(jc ) =-1 (5-a) and A1N1 (a1)W21 (j w) +A2eje92(a2)W22 (j w) =-A2ej62 (5-b) respectively, where e is the phase angle of the input signal to tie nonlinearity N2 with a1 as the reference signal; Nj(aj) and N2(a2) are the describing functions(or equivalent gains [14, 15] 
From Eqs. Equating Eqs. (11) and (12), one has [4, 5] .But unfortunately for nonlinear multivariable systems, there are infinite number of solutions which can satisfy this condition [13] . This is quite different from that of the single-input, single-output systems.
(ii) If the root-loci shown in Fig.2 (7), respectively; i.e., ==0 (14) where 026 and 027 represent the phase angles found from Eqs. (6) and (7), respectively.
If the considered nonlinear system can satisfy all the above four conditions, a limit cycle may exist. The three parameters A1, A2 and w of the limit cycle are defined by Eqs. (9), (10) and (14) . Additional explanations are given in the following section.
IV. ANALYSIS OF THE CONTROL SYSTEM CASE 1: Assume that the numerical values of the parameters of the system considered are at b=.0064,A=0.l,X=.00lsec,K=l0 F/MW.sec, a=10/sec, r=.001/ F,h-=30MW,D=.0l5,B=.25MW, T =0.07sec,and V=MxlO 6k/k.sec [3] . For M=22 and for a number of frequencies(w),the simultaneous solutions of Eqs. (9) and (10) are shown in Fig.2 where the stability of each region has been checked. At every point on the root loci, it has been checked that the roots wei and woj of the stability-equations Fei(w) and Fo (w), respectively, are all real and alternacing in sequence except that one root pair is equal to the other(i.e., wei= woj=W).
By inspecting the root-loci shown in Fig.2 [16] . Fig.3 shows the wei and woj loci for N1 (a1) is fixed at 0.0163(i.e., Ai=1.703) while N2 (a2) is varying. From Fig.3(a) , one can see that if the value of N (a2 ) is less than 0.0163 (i.e., A2 = 1.703), the roots wei and woj are alternative in sequence, then the corresponding system is stable [4, 5, 16] .
If the value of N2 (a2) is larger than 0.0163,the corresponding system is unstable.
A similar result can be obtained when N2 (a2) is fixed at 0.0163(i.e.,A2=1.703) and N1 (a1) is varying. Therefore, a stable limit-cycle will exist at the stability boundary where N2 (a2)=0.0163; i.e., A2 =1.703.
In Fig.2, for The result is given in Fig.4 where Bi (w) , Ci () , D (X) and E (w) are the same as those in Eqs. (6) It is also worthwhile to point out that, by use of the asymptotically stable region, the limit cycle can be eliminated by adjusting the parameters in the system.
VI.CONCLUSIONS
In this paper, the stability-equation method has been applied for limit cycle analysis of a nonlinear coupled-core reactor control system.The proposed method is simpler than the other methods in current literature, and it has the potential to be applied to very complicated, nonlinear, symmetrical and asymmetrical systems.
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